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(54) A dielectric material, a method for producing the same and a dielectric resonator device 
comprising same 



(57) Dielectric materials are disclosed tret are 
based on BaO-ZnOTaaOs represented by the formula 
Ba(Zn 1/3 Ta2/3)03. Ba has been partly replaced by K and 
either Zn or Ta has been replaced by at least one ele- 
ment selected from Mg, Zr, Qa, Ni, No, Sn. The dielec- 
tric materials have a relatively Ngh permittivity, a small 
absolute value of the temperature coefficient of reso- 
nance frequency, and a high unloaded quality factor. A 
method for producing the cfi electric materials is also dis- 
closed which includes mixing given amounts of starting 
materials, such as, for example, BaC0 3 , ZnO, Ta^ 
KgCOs, MgG03. Snp2 or ZrO* compacting the mixture 
to produce a compact sintering the compact in an oxi- 
dizing atmosphere such as. for example, air. at 1,400 to 
1,600°C. more preferably at 1,550 to 1,600°C for 2 
hours, and then heating the sintered compact at a tem- 
perature lower than the sintering temperature by from 
50 to 250°C. e.g.. by 100°C. for at least 12 hours, pref- 
erably for 24 hours. A dielectric resonator comprising 
the dielectric material of the present invention is also 
disclosed. 
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This application claims the benefit of Japanes patent application No Hei. 8-301202, filed October 25 1996 and 
Ha. 9-191868. Wed July 1.^ ' 

BACKGROUND OF THE INVEMTTfiy 
Field of the Invention 

The present invention relates to dielectric materials of excellent quality that have a relatively high permittivity (here- 
inafter referred to as t,) in a high frequency region, a small absolute value of the temperature coefficient of resonance 
frequency (hereinafter referred to as x, of fo). and a high unloaded quality factor (hereinafter refened to as QJ The die- 
ectnc materials of the invention can be used in applications such as multilayer circuit boards, and. in particular high- 
frequency resonators and filters. This invention further relates to processes for producing the dielectric materials. 

Discussion of the Related Art 

Dielectric materials based on BaO-ZnO-Ta 2 0 5 or BaO-MgO-Ta^s ere frequently used in high-frequency applica- 
tions. Such dielectric materials for use in high-frequency applications must satisfy the following requirements: 

(ijahighe,; 

(a) a small absolute value of t,; and 

(iii) a high Q„ in a high-frequency region. 

The dielectric materials based on BaO-ZnO-TazOg or BaO-MgO-TaaQ* are oxides represented by the empirical for- 
mula BafZn^Ta^JOg or BaJMg^Ta^Oa. respectively, that have a percvsWte crystal structure. These oxides are 
generally referred to as BZT and BMT for short Although BZTand BMT materials are excellent dielectric maleriatehav 
ing a high Q u . there is a need for a dielectric material having an even higher Q u because these dielectric materials are 
increasingly used in a higher-frequency region, from the microwave to the sub-millimeter wavelength region- In addition 
these dielectric materials generally are produced by complex and industrially undesirable processes, which include si* 
teng at high temperatures exceeding 1.600'C. sintering tor a prolonged period, or sintering by uftrahiglwate heating 
(see. for example. JP-&6-25023. JP-Aw»-224161. and JP-B-3-51242). (Here. 'JP-B' and refer to an "ecarrtnS 
Japanese patent publication" and an 'unexamined published Japanese patent application.' respectively) Moreover 

7SS£ iSSSS^tST ***** in to *r* ******* -55 

SUMMARY OF THF IMVFMJinM 

^J^"*"? 1 * me P resem invem ' on * dir «ted to a dielectric material and method for producing the same that sub- 
stantially obviates one or more of the problems due to the limitations and disadvantages of the related art 

Anobject of the present invention is to provide dielectric materials that have a relatively high e„ of 20 or hiaher and 

TT 1 t*? PfeSem invention fe ,0 P«^ de of manufacturing the above dielectric materials 

« J^'J? Pr6Sem invenfi0n fe 10 provMe a dielec,ric resona<0f w"«h0 the dielectric material of the 

ant 22*? thf ?*? nd ofheradvantages. and in accordance with the purpose of the presem invention, as embodied 
and broadly described, m a first aspect of the present invention there is provided a dielectric material induding^nv 

? P ^ 6 T f^T ^ 8 M * Ba( Ws ), wherein O is an Oxygen. oTa 
metal. Y ts a metal and Z is a metal; the dielectric material also optionally indudmg /LTaO wherein A k an ci~Zn, 
selected from a group consisting of K. U and Ma. 9 ^ a °"' wherein e,ement 

*J0Z 6 ^ aSPeC L° f *!P re ! ent invention ' mere * P f0vid8d a dielectric resonator, including a dielectric resonator 
eleme^ud.ng complex oxrde having a perovsWte crystal structure and having a formula Ba ^Oj ™0 
If °^ en - <>» a metal. Y is a metal and 2 is a metal; the dielectric material also cptioSySurtgTS 
wherem A is an element selected from a group consisting of K, U and Na; a metal casing SZ^difc S 
na toe .err^;and an insulating hc^ermen^attochedto 
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tn a third aspect of the present invention, ther is provided a dielectric material including a complex oxide having a . 
perovskite crystal structure, wherein metallic elements are selected from a group consisting of Ba, Zn, Ta, and K. 

tn a fourth aspect of the present invention, there is provided a dielectric material including a complex oxide having 
a perovskite crystal structure, wherein metallic elements are selected from a group consisting of Ba, Zn, Ta, and K; and 
f wherein at least either of the Zn or the Ta are at least partly replaced by at least one element selected from the group 
consisting of Mg, Ca, Sr. La, B, Al, Ga, Ti, Zr f Hf. V. Nb, Si, Sn, Sb, Mn, Fe, Co, W, and Ni. 

In a fifth aspect of the present invention, there is provided a dielectric material including between 80.0 and 99.9 
mol% Ba(Zn 1/3 Ta2^)03 and between 0.1 and 20.0 mor% KpTaO q , wherein p is between 0.60 and 2.00. 

In a sixth aspect of the present invention, there is provided a method of producing a dielectric material, wherein th 
jo dielectric material includes a complex oxide having a perovskite crystal structure, wherein metallic elements of the com- 
plex oxide are selected from a group consisting of Ba, Zn, Ta, and K as metallic elements, wherein the method includes 
the steps of mixing a barium compound, a zinc compound, a tantalum compound and a potassium compound to pro- 
duce a mixture, wherein each of the compounds is either an oxide or a compound changing into an oxide upon heating; 
compacting the mixture to produce a compact; sintering the compact at a sintering temperature of between 1,300 and 
is l .650 # C; and heat-treating the compact at a temperature lower than the sintering temperature by from 50 to 250°C in 
an oxidizing atmosphere for at least 1 2 hours. 

In a seventh aspect of the present invention, there is provided a method of producing a dielectric material including 
a complex oxide having a metallic element selected from a group consisting of Ba. Zn, Ta. and K and having a per- 
ovskite crystal structure, wherein at least either of the Zn or the Ta is at least partly replaced by at least one element 
x selected from the group consisting of Mg. Ca. Sr. La. B. Al, Ga, Ti, Zr, Hf, V, Nb, Si, Sn, Sb, Mn, Fe. Co. W, and Ni; 
wherein the method includes the steps of mixing a barium compound, a zinc compound, a tantalum compound, a potas- 
sium compound and a compound of the at least one element that is either an oxide or a compound changing into an 
oxide upon heating to create a mixture; compacting the mixture to form a compact; sintering the compact at a sintering 
temperature of between 1 ,300 and 1 ,650 e C; and heat-treating the compact at a temperature lower than the sintering 
25 temperature by from 50 to 250*C in an oxidizing atmosphere for at least 1 2 hours. 

It is to be understood that both the foregoing general description and the following detailed description are exem- 
plary and explanatory and are intended to provide further explanation of the invention as claimed. 

Additional features and advantages of the present invention will be set forth in the description which follows, and 
will be apparent from the description, or may be learned by practice of the invention. The objectives and other advan- 
30 tages of the invention will be realized and attained by the structure and process particularly pointed out in the written 
description as well as in the appended claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

35 The accompanying drawings, which are included to provide a further understanding of the invention and are incor- 
porated in and constitute a part of this specification, illustrate embodiments of the invention that together with the 
description serve to explain the principles of the invention. 
In the drawings: 

40 Fig. i illustrates the correlation between p in KpTaO q and Q^q as determined by Resonant Cavity Method; 
Fig. 2 inustrates the correlation between p In KpTaO q and t,; 

Fig. 3 is a chart illustrating a comparison in X-ray diffraction patterns between dielectric material obtained in Exper- 
imental Example 1 and a dielectric material obtained in Experimental Example 10; and 
Fig. 4 illustrates a dielectric resonator utilizing the dielectric material of the present invention. 

45 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Reference will now be made in detail to the preferred embodiments of the present invention, examples of which are 
illustrated in the accompanying drawings. 
so In a first embodiment of the present invention, the dielectric material of the present invention includes complex 
oxides containing Ba, Zn. Ta. and K as metallic elements and having a perovskite crystal structure. 

In a second embocfi ment of the present invention the dielectric material of the present invention includes complex 
oxides containing Ba. Zn. Ta, and K as metallic elements and having a perovskite crystal structure, wherein either Zn 
or Ta are partly or entirely replaced by at least one element selected from the group consisting of Mg, Ca, Sr, la. B. Al. 
55 Ga, Ti. Zr. Hf. V, Nb. Si. Sn. Sb, Mn. Fe, Co, W, and Ni. 

In a third embodiment of the present invention there is provided a dielectric material including from 80.0 to 99.9 
mol% Ba(Zn iy3 Ta2«)03 and from 0. 1 to 20.0 mor% KpTaO q (wherein 0.60«x2.00). 

In a fourth embodiment of the present invention the die! ctric material of the previous embodiment in which the pro- 
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portion of KpTaO„ and the value of p are specified. In the dielectric materials of these two embodiments at least ither 
oftheZnandth Tamayhaveb en partly or wholly replaced by at least one element selected from the group consistina 
Mg. Ca. Sr. La. B, AI.Ga. TL Zr. Hf. V. Nb.Si.Sn.Sb, Mn. Fe. Co. W. and Ni. In this dielectric mtoWtt taZ ^ne 
element is preferably selected from the group consisting of Mg, Zr, Ga. Ni, Nb, and Sn. 

s Ba(Zn 10 Ta2a)03 is an oxide having a perovskfte crystal structure KpTaQ. also may be an oxide having a oer- 
ovskrte crystal structure. Although the Ba in the dielectric materials described above may be partly replaced bv the K 
the results of analysis of these dielectric materials by X-ray drHractometry revealed that they have no crystal structure 
other than perovstate It primed that the dielectric materials ot the present invention has the same perovskfte crys- 
tal structure as BafZn^Ta^Oa. ' 

10 in a fifth embodiment of the present invention there is provided a dielectric material described above wherein the 
element replaang either Zn or Ta is an element preferably selected from the group consisting of Mg Zr Ga Ni Nb and 
Sn. These elements are advantageous in that Zn or Ta can be easily replaced, and a material having an intact per- 
ovskite crystal structure and excellent dielectric characteristics can be easily fabricated. Note also that the elements 
replaang Zn or Ta are not limited to those listed above. For example. Zn or Ta may be replaced by a rare earth element 

is such as. for example. Y. Like the dielectric materials in which Ba has been replaced by K. such dielectric materials with 
Zn or Ta replaced by another element have a perovskfte crystal structure and. as X-ray dftfractometry results show 
have no other crystal phase. 

In a sixth embodiment of the present invention, the K of KpTaOq is thought to be located in the position of the Ba of 

«, SSS^JW* wW,e,heTa is to be loca,ed m *• PosWon of the Zn or Ta of Ba^Ta^. It is presumed 
^ e *^~ Atonal has a pe^^ 

ovskite structure. These dielectric materials can be obtained by a process where starting materials tor Ba(Zn,«Ta J)O a 
are mixed with each other, together with a given amount ot a potassium oxide or a potassium compound that changes 
into an oxide upon heating (for example, carbonate and oxalate), and the mixture is compacted, sintered, and then heat- 
treated. 

as tf the value of p in KpTaO q is below 0.60. Q„xf 0 decreases considerably, sometimes to below 20.000 GHz althouoh 
e, and t, are almost satisfactory. In addition, such a small value of p tends to result in increased volatilization of potas- 
sium ions dunng sintering, yielding a sinter having a porous surface layer, which causes a decrease in CLxk On the 
other hand, if p exceeds 2.00. an excess of potassium is present and there are cases where a pctassium^ntamira 
aystal phase of a structure other than perovskfte generates. The presence of this phase reduces An optimum 
value of p vanes depending on the composition, and in the case of selecting BZT as a base composition the value of 
pis preferably from 110 to 1.90. more preferably from 1.20to1.^ 

having exceedingly high dielectric characteristics can be obtained having of 50.000 GHZ or even 80.000 GHZ or 
above, and havmg an absolute value of x, of 10 ppnVC or even 1 ppnVC or smaller, depending on the composition 
In the Resonant Cavity Method, one alternative method is to place the dielectric resonator (DR) exactly at the 

ff^'Z^^J^^'** < D ^ M ^^ D R««^asshovminRg.3aofKSreemocl. 
andfwn and M.T. Sebastian, "D.electnc Ceramic Materials for Microwave Resonator Applications-. Metals Materials 
1995 ' *>■ -266- A low toss material such as quartz (s,ngleaystal) may£SS 

port the DR Two coupling bops are used to couple microwave to DRs which are symmetrically mounted. 

If me proportion of KpTaO q is smaller than 0.1 mot* in the case of selecting BZTas a base composition, the die- 
l *?™^*^***<*yintoAQ*l 0 . as detemtinedlv the Resonam(^ Method is small.Labelow20.000 
GHZ. in addfcon. stotenng properties may be reduced because of the reduced amountof the potassium compound to 
example ^carbonate and oxalate) incorporated as a starting material. On the other hand, if the proportion of^TaO, 
n?ZS,Z^ ~ Q £° d !? eaSeS - The P^ 0 " <* W « drably from 0.2 to 10 mot%. and more 
wSS! ! !, When the proportion ol KpTaOq is within this range, a dielectric material having excel- 
lentd,electnc charactenstics can be obtained, which has a high t, an absolute *, value of 10 ppnVC or even 5 ppm/»C 

approximately 2 0 and 3.0 mol%. a dielectric material having exceedngly high die.ectric £dSE 
^SfJ^ 1 ^ . Ass lr ninthe ***** mentioned below. H is confirmed that the dielectric 

5? P l eSem . ,nven,,0O Shwv exceUent 6intefin 9 properties and dielectric characteristics due to the addition 
^S'JU IT* TUT^T am0U " t and Pvaluearedifferenlsfightly depending on me base composition. 
„, '"the severthembodimem of the present invention there is provided a method of producing the dielectric material 

.l^rC^T^^^^^^" v***^ *• Zn. Ta. and K as metallic elements and hav- 
structure. Thjsmethod includes mixing a barium ampound. a zinc compound, a tantalum com- 
^ho^ 8 ^ , C ° m ^ ¥ ^ erem com P° und k either an oxide or a compound changing into an oxide 
^ ^■. M ^ a ! ); subsequently compacting the resultant mixture: sintering toe compact at S 

th !L heal " trea,,n9 ** «* ""P" 1 * a tenperature lower than the sintering tenpenWe by from 
50 to 250*Cin an oxidizing atmosphere for 12 hours or longer. vw«u»eoyirom 

In an eighth embodiment of the present invention, there is provided a method of the present invention is a process 
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fa producing a dielectric materia) that includes complex oxides containing Ba. Zn, Ta, and K as metallic elements and 
having a per vskite crystal structure in which either Zn or Ta has been partly or wholly replaced by at least on*element 
selected from the group consisting of Mg.Ca, Sr. La. a At Ga. UZr, Hf, V, N^Si, Sa Sb, Mn, Fe. Co. W, andNi This 
method includes mixing a barium compound, a zinc compound, a tantalum compound, a potassium compound and a 
compound of at least one element where each is either an oxide or a compound changing Into an oxide upon heating 
(ag., carbonate), subsequently compacting the resultant mixture, sintering the compact at 1,300 to 1 650°C and then 
heat-treating the sintered compact at a temperature lower than the sintering temperature by from 50 to 250°G in an oxi- 
dizing atmosphere for 12 hours or longer. 

H the sintering is conducted at a temperature lower than 1,300'C, a sufficiently densffied sinter cannot be obtained 
resulting in an insufficient improvement in Q u . If the sintering is conducted at a temperature exceeding 1 650°C the vol- 
atilization of potassium ions becomes more severe, tending to result in a sinter having a porous surface layer and an 
insufficient improvement in Q u . The sintering temperature is therefore preferably from 1.350 to 1.600*0 more oreferattv 
from 1,400 to 1,600°C. 7 
For densffication. the sintering temperature is preferably 1,500'C or higher, more preferably 1.550'C or hiaher 
Although sintering temperatures less than 1 .600-C are effective in reducing the volatilization of potassium ions terras 
atures lower thanl 600-C by at least 5-C, and preferably at least 10-C, are more effective. By simeringatateniperature 
in the range specified above. densHication proceeds suffidently. and volatilization of potassium ions is reduced to a low 
level. Thus, a dielectric material having excellent performance can be obtained Although the period of sintering is not 
particularly limited. H is preferably between 1 and 4 hours, more preferably about 2 hours. The atmosphere for the sin- 
tering may be an oxidizing atmosphere, tor example, air, or a reducing atmosphere containing hydrogen 

If the heat treatment is conducted at a relatively high temperature that is lower than the sintering temperature by 
less than 50*C, coarse grains are likely to generate because of enhanced grain growth, and an inhomogeneous mate- 
nal is likely to result. If the heat treatment is conducted at a relatively low temperature (lower than the sintering temper- 
ature by more than 250*C). the dielectric material does not acquire a long-period superlative crystal structure resulting 
in an insufficient improvement in Q u , The temperature for the heat treatment is preferably 70 to 200'C lower than the 
sintering temperature, but more preferably 70 to 150*C lower and further preferably still by from 80 to 150°C lower By 
conducting the heat treatment at a temperature lower than the sintering temperature by. for example, about 100*C a 
dielectric material having a supertattice structure can be easily obtained. * - , 

The heat treatment is conducted in an oxidizing atmosphere. For example, air can be used as an atmosphere Use 
of air as the atmosphere for the heat treatment is prefened because it requires wither a special pr<^ 
aal ^ujpment However, an oxidizing atmosphere in which the partial pressure of oxygen is higher than that in toZr 
!f E^^^ because use of this atmosphere yields a dielectric material with 

a better Q u . H the heat treatment is conducted for a period less than 12 hours, it is impossible to convert a large propor- 
tion of the crystal structure into a supertattice structure, resulting in an insufficient improvement in a. in order to have 
suff .oent conversion into a supertattice structure, the period of the heat treatment is preferably 1 5 hours or longer, more 
preferably 18 hours or longer. A heat treatment period of 24 hours is sufficient Although an even longer period such 
as. far example. 48 hours may be used, such long-term heat treatment is only minimally effective from the standpoint 
of performance improvement. 

The reasons, why the replacement of Ba by K in complex oxides having perovsWe crystal structure represented by 
a ^t ^l C ma,erial resute in m im P'»' em ert >n the Q u of the material are not yet clear. One possible explanation 
is that the BZT dielectric material, having a perovskrte crystal structure, forms a solid solution with K o Ta0 o Which also 
has a perovskrte crystal structure. wher*y the BZT dielectric material acquires a longer-period supertattice crystal 

2 S^J^lT °L P ° SSiUe eXp,anaU0n fe * at Whefe an irregular composition 

exists in the crystal structure, holes also are regularly located to form a supertattice structure, and the holes facilitate 
the movement of ions and atoms during sintering, accelerating densHication. Due to this densificatkm-acceleratina 
effect, densrficabon can be easily accomplished in producing BZT materials which have until now been produced 
through long-term sintenng. or sintering by uftrahigh-rate heating, from substances having poor suitability for sinterina 
• * !? ?'T e ^. i ™ n l 0f presert inveflfion - *« fe P™*** « dielectric resonator as shown in Fig. 4 includ- 
ng the dielectric matenal of the present invention. The resonator body 1 of a circular or rectangular shape in cross sec- 

resonator body 1 and holding member 2 are contained in the inside of metal cantainer 4 of a cylindrical shape the both 
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EXPERIMENTAL EXAMPLES 1 70 «8 

(1) Production of Dielectric Materials 



Commercial BaCQj. ZnO (or any of the other oxides discussed below). TajO* and KgCOa powders were mixed in 
vanous proportions, wealing the compositions shown in Tables 1. 2. 3 and 4 under Experimental Examples 1 to 48 
Each resuKant composition was placed in a ball mil. and ethanol was then added thereto to conduct wet milling In 
Tables 1 to 4. the proportions of all the ingredients are given in terms of oxide amounts. In place of ZnO and Ta,0« f 1) 
MgO was incorporated in Experimental Examples 13. 27 and 36-39; (2) was incorporated in Experimental Exam- 
ples 14. 32 and 33 in addition to ZnO; (3) SnOj was incorporated in Experimental Example 15; (4) NiO was incorpo- 
rated .n Experrmental Examples 28 and 29. (5) GajOs was incorporated iri Experimental Examples 30 and 31(6) 
NbjOs was incorporated in Experimental Examples 34 and 35; and (7) MgO and SnCfe were incorporated in Experi- 
mental Examples 40-48. In Experimental Examples 11 and 12, NazCCv, and I^COa. respectively, were used inpiace 

Of K2CO3. 

The slurries Obtained by wet milling were dried and then calcined at1.100«Cfor2hours. A wax binder amixing/dis- 
persmg agent induding a poiycaiboxylic add and an amine, and ethanol were added to each resultant calcined powder 
The mixtures were pulverized and homogenized with a ban mill. Subsequently, the slunies obtained were dried granu- 
lated, and then compacted at a pressure of 1 GPa into a cylindrical form having a diameter of 23 mm and a thickness 
of 1 2 mm. The cylindrical compacts were subjected to cold isostatic pressing (CIP) at a pressure of 15 GPa and then 
sintered lor 2 hours in an air atmosphere at 1 ,600«C in Experimental Examples 24 and 27 to 48. at 1 650'C in E*>eri- 
mental Example 25. at 1.700'C in Experimental Example 26. and at 1.550«C in other Experimental Examples Subse- 
quently, me temperatures of the sintered compacts were lowered to 1 .450«C. at whi* the sintered compacts were heat- 
treated (of 24 hours. . *^ 



(2) Evaluation of Dielectric Characteristics 



The didectoc materials thus obtained were subjected to surface grinding or mirror polishing with a resin-bonded 
grindstone having a grain size of 200. The ground dielectric materials were examined for Q u . and x, by the HakW and 
Cdemar, method (See Denesh C. Dube. Rudolf Zurmuhien. Andrew Bell and Nava Setter. "Dielectric Measurements 
uJ^^n^ 6 , ICf(WaVe Re9i0n " ^ Am ^am,&9c,. 80[51 1095-1 100) (TEo„ mode) or Resonant Cavity 
Method I (TEo,6 node) at a frequency of 3 to 6 GHZ (temperature range: 25-80«C),The results obtained are shown in 
Tables 5. 6. 7 and 8 In these Tables, the results concerning dielectric loss properties are given in terms of Since 
f 0 vanes slightly wrth the measurement for determining Q„ the product of Q u and f 0 is used tor a more precte expres- 
sion ef dielectric toss. In Tables 1 to 8, the "A' in ApTaOq represents an alkali metal, i.e K, Na. or U. In Tables 5 6 7 
and 8. griming refers to surface grinding and polishing reters to minor polishing ' ' 

and ll C °!f man method( me dietect * yeomen is short-circuited (touched) by two conducting plates on 
bom sries. Two small antennas are positioned in the vicinity of the specimen to couple power in and out of toeresona- 

The results axe given in Tables 5 to 8. The dielectric material obtained in Experimental Example 2 where theoro- 

^l^^n^f !? 025 ^ (aNh0U9h P was 1 00) - had *" exceedingly small absolute value of * and 
a somewhat small Qu * v*ue of about 30.000 GHZ. However, this dielectric material is a great Improvement to S 
Quxfo and j as compared to the potassium-free dielectric material obtained in Experimental Example 1 The dieted 
^^^.k Bamp ' e8 3. 4. 8 to 10. 13 to 16. 21 to 35. awTand 4wJ2»p wasSwe^ 

li „ .lit*?** £*^ n * W "a* 05 "«W "ad excdlenttf electric characteristi«*to^.!£ 

T, Z^* *-™ GHZ * ^^^^.ectric materia. obtained in Experimental Exarrp.e Sm^ugh 
21 'cl * Se,6Ctin9 821 « a ^ composition, thedelectric nJS SaS SS- 

■memd Examples 9. 10. 14-16. 24-26 and 28-35. where p was between 155 to 1.70. had evenWgher defect 
charactenst.es. with a ranging from 71 .100 to 1 12.600 GHZ oieiectnc 
On the other hand, the dielectric materials obtained in Experimental Examples 1. 36 and 40. which contained no 
potossium. had considered worse dielectric characteristics, with an exceedingly small Qu xf 0 ZTw^SZ 
system hwng toe same base materia, and containing potassium. That is. as is dear fromtoe £££ £££ 
Expenmenta. Examples 1 and 24. Experimental Examples 36 and 27. and Experimental Exan^eTSand 47 
ues of (U « the system where potassium was added were improved regardless of the basTc?nS^ wn^le toe 
optin^add-t^antoum^ 

I^r ert l Examp ' e 5 - Where P W3S 0S0 ' nad insuf,iciert Pe^mance wrtoavalue of Q JSto 6 
T^^nere^ 

lute values of „ were small. The dielectric material obtained in Experimental Example 17 ^S hZ 
exceedingly small Q^dg value of less than 5,000 GHZ and a relatively low t„ altomjgh toe absolute va^rt ^ias ve^y 
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small. The dielectric materia! obtained in Experimental Example 1 8. where p was 3.00. could not be tested for dielectric 
characteristics because its resonance was weak. The dielectric materials obtained in Experimental Examples 19 and 
20, where p was 4.00 to 5.00, respectively, developed cracks during sintering and hence had no measured character- 
istics. 

5 The dielectric characteristics of the dielectric materials obtained in Experimental Examples 9 and 24 to 26, which 
had been obtained from the same composition through sintering at different temperatures, were as follows. The dielec- 
tric material of Experimental Example 24, which had been obtained through sintering at 1 ,600 e C. had the largest value 
of QyXfQ, which was higher than 100.000 GHZ. The Dielectric material of Experimental Example 9. which had been 
obtained through sintering at 1 ,550°C, also had a high Q^o that exceeded 90.000 GHZ. On the other hand, the die- 

io lectric material of Experimental Example 26. which had been obtained through sintering at a relatively high temperature 
of 1,700°C, had a drawback in that the sinter had suffered surface melting. Furthermore, the dielectric material of 
Experimental Example 25, which had been obtained through sintering at 1 .650°C. had a drawback in that the surface 
of the sinter had developed minute cracks probably due to the volatilization of potassium, although the dielectric mate- 
rial had a high These results indicate that the preferred range of the sintering temperature is from 1,550 to 

is 1,600-C. 

The results given in Tables 5 to 8 further show that by replacing Zn or Ta either in part or entirely with any of the 
other elements specified above, if can be regulated to a desired value to some degree while still maintaining a high 
Q«x^, as in the dielectric materials obtained in Experimental Examples 14, 28 to 35 and 41-45. Specifically, by replac- 
ing part of Zn and Ta by Zr (Experimental Examples 14. 32, and 33) or replacing part of Ta by Nb (Experimental Exam- 

20 pies 34 and 35), can be shifted to the positive side by values corresponding to the replacement amounts. By replacing 
part of Zn by Ni (Experimental Examples 28 and 29) or replacing part of Zn and Ta with Ga (Experimental Examples 30 
and 31), i| can be shifted to the negative side by values corresponding to the replacement amounts. Further. i, can be 
controlled by adjusting the ratio Mg, Sn and Ta as in Experimental Examples 27 and 41-45. 

ft is also possWe to regulate e, to a desired value to some degree while maintaining a high Qj>d 0 by replacing either 

25 Zn or Ta entirely with any of the other elements enumerated above, as in the dielectric materials obtained in Experimen- 
tal Examples 13. 27. 37-39 and 41-48. Specifically, the results for Experimental Examples 13. 27 and 37-39 show that 
^ can be shifted by entirely replacing Zn with Mg. By replacing entire of Zn and part of Ta by Mg and Sn (Experimental 
Examples 41-48), e, can be shifted. In the present invention, part of Zn and Ta may be replaced by an element having 
a different valence, for example, Zr or Ga. With this replacement a dielectric material having excellent performance can 

30 also be obtained 

The dielectric materials obtained in Experimental Examples 11 and 12 had an exceedingly low C^q. In these 
experiments another alkali metal, i.e. Na or Li, was used in place of K as the element replacing Ba. Each of these die- 
lectric materials had a p of 1 .44 and the proportion of ApTaO q was 2.50 mor%, which was in the preferred range: Thus, 
only K produces the desired effect, and using Na or U, which are also alkali metals, produces no effect. With respect to 
35 the influence of surface finishing, such as surface grinding or mirror polishing, the test pieces which had undergone mir- 
ror polishing seemed to have slightly larger values of Q^, with some exceptions. 

{Z)Correlatbn between p and Qyxf 0 or x ( 

40 Fig. 1 shows the correlation between p and 0^ in the dielectric materials shown in Tables 5 and 6, where the 
base composition was Ba(Zn 1/3 Ta2/3)03. P was in the range of between 0.50 and 2.00. and the proportion of KpTaO q 
was 2.50. These represent the dielectric materials obtained in Experimental Examples 5 to 10. 16, and 17. The corre- 
lation between p and i, in these dielectric materials is shown in Fig. 2. As shown in Fig. 1 , Quxf 0 reached a maximum 
when p was around 1.20 to 1.40, and Qyxf 0 decreased abruptly as p decreased to below 1.00 or increased beyond 

45 1 .70. As shown in Fig. 2. when p was in the range of between 1.20 and 1.70, x, was very satisfactory, with its absolute 
• value below 1 .0. Although the absolute value of if increased with reducing p, it was still a very small value even when p 
was 2.00. As in Experimental Examples 13. 27, 37 and 38, in the case when KpTaO q was added to the base material 
other than BZT, Qyxfo varied depending on the value of p and had a maximum value when p was from 1 to 2, while the 
optimum value of p is different from that of BZT base material. 

50 

(4) Comparison in X-ray Diffraction Pattern between a Dielectric Material Containing K in place of Ba and a Dielectric 
Material not Containing K 

Fig. 3 shows a comparison in X-ray diffraction patterns between the dielectric material obtained in Experimental 
55 Example 1 . which did not contain K. and the dielectric material obtained in Experimental Example 10. where p was 1 .44 
and the proportion of KpTaO q was 2.50 mor%. Fig. 3 shows that no crystal phase other than perovskite was formed even 
in the dielectric material of Exp rimental Example 10, where Ba had been partly replaced by K, although the peaks in 
the diffraction pattern shifted slightly due to the formation of a solid solution containing KpTaO q . 
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(5) Measurement of Density and Degree of Shrinkage 

The cSelectric materials obtained by th method described above were examined for density and the degree of 
shrinkage by the following methods. 

(I) Density: Archimedes' method 

(6) Degree of shrinkage: {[(outer diameter of compact before CIPHouter diameter of sinter)Wouter diameter of 
compact before CIP)}x100(%) 

The results obtained are given in Tables 9. 10 and 11 and show the following. The dielectric materials did not 
greatly differ in density, except' for the dielectric material obtained in Experimental Example 18, which could not be 
tested for dielectric characteristics because of its weak resonance and the dielectric material obtained in Experimental 
Example 40 where potassium was not added. With respect to the degree of shrinkage, the potassium-free dielectric 
material obtained in Experimental Example 1 had a rather small value. This rs because the BZT material was difficult to 
sinter. The material also was difficult to sufficiently densify by an ordinary sintering technique without using a sintering 
aid. The dielectric material obtained in Experimental Example 13, 27 and 3&48. where Zn had been replaced by Mg. 
had a high degree of shrinkage because the MgO used as a starting material was a fine and bulky powder. The dielec- 
tric materials obtained in the Experimental Examples other than Experimental Examples 1, 13, 27 and 36-48 did not 
greatly differ in their degree of shrinkage. In these dielectric materials, the degree of shrinkage seemed to have no cor- 
relation with QuXfQ. 

In the dielectric materials obtained in Experimental Examples 9 and 24 to 26 from the same composition through 
sintering at different temperatures, higher sintering temperatures resulted in lower densities. This is because as the sin- 
tering temperature increases, potassium becomes more volatile and, as a resuH, a porous layer is likely to form on the 
periphery of the sinter. The decrease in density with increasing sintering temperature may also be attributable to the 
inhibition of densrfication due to the growth of crystal grains. These measurement results also support the preferred sin- 
tering temperature range of between 1 ,550 and 1 ,600 e C. similar to using method (2) above. 

(6) Analysis for Potassium Content 

The dielectric materials obtained in Experimental Examples 8 and 23 were analyzed for elemental composition by 
ICP spectrometry. The results obtained are shown in Table 12, where each theoretical value is the same as the propor- 
tion of the ingredient actually mixed. Each number given in parentheses under TC represents the proportion of volatil- 
ized potassium. 

Rom the results, given in Table 12, including the measured values of potassium content and from the results of 
measurement of dielectric characteristics, it is presumed that in a compact containing potassium in an amount (p>1.00) 
larger than the stoichiometric amount, the excess potassium volatilizes in the sintering step to almost stoichiometricalry 
yield KTaOa (p=1.0O), and the dielectric material thus obtained has an especially high Q^o. 

(7) An Example of Dielectric Resonator Prepared by Using Dielectric Material of the Invention 

Rg. 4 illustrates an example of a dielectric resonator providing resonator body 1 comprising the dielectric material 
of the present Invention. The resonator body 1 is bonded to one end of holding member 2 by means of. for example an 
epoxy resin type adhesive. The intergrated resonator body 1 and holding member 2 are contained in the inside of metal 
container 4 of a cylindrical shape the both end surface of which are sealed up. One end of the hotting member 2 is fixed 
and bonded to the center of the bottom surface 4a of the metal container 4 by means of PTTF. 

As demonstrated above, tie dielectric materials of present invention have a specific crystal structure a relatively 
high.ep a small absolute value of t,, and a large value of Q^. The processes for production of these dielectric material 
is easy and uses no unusual complex or industrially disadvantageous sintering techniques, such as long-term sintering 
or sintering by urtrahigh-rate heating. 

While the invention has been described in detail and with reference to specific embodiments thereof, it will be 
apparent to one skilled in the art that various changes and modifications can be made therein without departing from 
the spirit and scope thereof Thus, it is intended that the present invention cover the modrfications and variations of this 
invention provided they come within the scope of the appended claims and their equivalents. 
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Table 1 



Experimental 
txampie 


Base Composition (wt%) 


ApTaO q Ingredient (wt%) 




BaO* 


ZnO 


MgO 




SnOfc 










132^5 


1 


46.78 


8.28 








AA OA 










& 


46.68 


8.26 








44.85 


0.04 






0.17 


O 


46.59 


8.24 








44.76 


0.07 






0.34 


4 


46.21 


8.17 








44.39 


0.22 






1.01 


5 


45.90 


8.12 








44.10 


0.18 






1.70 


6 


45.87 


8.12 








44.07 


0.25 






1.69 


7 


45.85 


8.11 








44.04 


0.31 






1.69 


8 . 


45.82 


8.11 








44.02 


0.36 






1.69 


9 


45.78 


8.10 








43.98 


0.45 






1.69 


10 


45.75 


8.09 








43.95 


0.52 






1.69 


11 


45.83 


8.12 








44.02 




0.34 




1.69 


12 


45.91 


8.12 








44.11 






0.17 


1.69 



♦Carbonic acid sab was used as starling material. 



Table 2 





Experimental 
Example 


Base Composition (wt%) 


ApTaO q Ingredient (wt%) 






BaO* 


ZnO 


MgO 


ZrOz 


SnOg 


Ta 2 0 5 


KgO* 


Na 2 0* 


UgO* 


TazOg 


35 


13 


47.70 




4.18 






45.82 


0.54 






1.76 




14 


46.11 


7.59 




2.22 




41 .Q6 


0.52 






1.70 






45.98 


7.32 






4.07 


40.41. 


0.52 






1.70 


40 


16 


45.70 


8.09 








43.91 


0.61 






1.69 




17 


45.66 


808 








43.86 


0.72 






1.68 




18 


45.49 


aos 








43.70 


1.08 






1.68 




19 


45.33 


a 02 








43.55 


1.43 






1.67 


45 


20 


45.17 


7.99 








43.39 


1.78 






1.67 




21 


44.85 


7-93 








43.09 


0.73 






3.40 




22 


43.87 


7.76 








42.15 


1.09 






5.13 


50 


23 


42.88 


7.59 








41.20 


1.46 






6.87 



♦Carbonic acid sail was used as starting material. 
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Table 4 



5 



TO 



15 



25 



Experimental 
Example 




Bi 


ise Composition (wt%) 


ApTaq, Ingredient (wt%) 




BaCT 


ZhO 


MgO 


Zr02 


SnOg 


'°Z W 5 




NajO* 






36 


48.82 




4.28 






46.90 










37 


47.77 




4.18 






45.90 


u.oo 






1. 77 


38 


46.72 




4.09 


- 


- 


44.89 


0.76 


m 




3.54 


39 


46.63 




4.09 






44.80 


0.94 






3.54 


40 


49.06 




3.65 




7.23 


40.06 










41 


47.84 




3.98 




2.35 


43.65 


0.46 






1.72 


42 


47.91 




3.78 




4.70 


41.42 


0.46 






1.73 


43 


47.98 




3.57 




7.08 


39.18 


0.46 






1.73 


44 


48.06 




3.37 




9.45 


36.93 


0.46 






1.73 


45 


48.13 




3.16 




11.84 


34.68 


0.46 






1.73 


46 


48.62 




3.62 




7.17 


39.70 


0.19 






0.70 


47 


48.95 




3.50 




6.93 


38.34 


0.90 






3.38 


48 


44.63 




3.32 




. 6.58 


36.43 


1.90 






7.14 



•Cartxxiic add salt was used as starting material. 
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Table 9 



Experimental 
example 


Base Composition (wt%) 


ApTaO q Ingredient 


Density (g/cnr*) 


Degreed 
shrinkage (%) 






Value 
of p 




• r fupuriion 

(mol%) 






1 


Ba(Zn 1/3 Ta2/3)03 


- 


. 


0.00 


7.33 


14.6 


2 


Ba(Zn 1/3 Ta2fl)03 


1.00 


K 


0.25 


. 7.74 


17.1 


3 


Ba{2n 1/3 Ta2^)03 


1.00 


K 


0.50 


7.76 


19.5 


4 


Ba[Zn 1/3 Ta2A5)03 


1.00 


K 


1.50 


7.67 


18.8 


5 


BafZn^Ta^Og 


0.50 


K 


2.50 


7.77 


18.9 


6 


Ba(Zn 1/3 Ta2^)03 


0.70 


K 


2.50 


7.78 


18.9 


7 


Ba(2n 1/3 Ta2a)Q3 


0.85 


K 


2.50 


7.79 


19.5 


6 


Ba(Zn iy 3Ta2^)03 


1.00 


K 


2.50 


7.79 


19.1 


9 


Ba(Zn 1/3 Ta2^)0 3 


1.25 


K 


2.50 


7.78 


18 7 


10 


BafZr^^Ta^Oa 


1.44 


K 


2.50 


7.75 


18.4 


11 


BaJZn^Ta^C^ 


1.44 


Na 


2.50 


7.69 


18.4 


12 


BafZrH/aTa^Oa 


1.44 


Li 


2.50 


7.65 


182 


13 


BafMg^Ta^Oa 


1.44 


K 


2.50 


7.44 


22.0 


14 


BaProoeZno^iTao.saJOa 


1.44 


K 


2.50 


7.64 


17.9 


15 


Ba(Sn 0 . 09 Zno.3 0 Ta 0 . 61 )0 3 


1.44 


K 


2.50 


7.65 


18.0 


16 


BafZn^Ta^Qa 


1.70 


K 


2.50 


7.72 


18.5 j 


17 


BaJZn^Ta^Oa 


2.00 


K 


2.50 


728 


17.1 


18 


Bapn^Ta^Qa 


3.00 


K 


2.50 


7.07 


17.9 | 
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Table 10 



Experimental 
Example 


Base Composition (wt%) 


ApTaO q Ingredient 


Density (g/crn*) 


Degree of 
shrinkage (%) 






Value 
of D 


A 


Proportion 
(mof%) 


•. 








4.00 


K 


2.50 


cracking occurred during sintering 


on 


102/3/03 


5.00 


K 


2.50 


cracking occurred during sintering 


21 


Da/7n Ta V/"V 


1.00 


K 


5.00 


7.67 


20.1 


oo 

£C 


Pa/7n Ta~ 


1.00 


K 


7.50 


7.48 


18.7 




ba(/n 1/3 ia2^)U3 


1.00 


K 


10.0 


7.37 


19.1 




Q -1 1 ~j r\ _Ta 


1.25 


K 


2.50 


7.68 


18.1 


OS 
CD 


Q« r*7r\ Ta \^ 


1.25 


K 


2.S0 


7.60 


17.8 


2b 


t^V^I/S ' fl 2/3)°3 


1.25 


K 


2.50 


7.56 


** 


27 


Ba(MamTaon>Ot 


1.25 


K 


2.50 


7.37 


23.7 


28 


BafNio.oaZno^Tao^Og 


1.25 


K 


2.50 


7.63 


17.7 


29 


Ba(Ni 0 .oa2n <) ^5^ao.67)03 


1.25 


K 


2.50 


7.60 


17.5 


30 


Ba(Gao.oiZno.33Tao.66303 


1.25 


K 


2.50 


7.52 . 


18.0 


31 


BaCGao^Zno^TacssJOa 


1.25 


K 


2.50 


7.40 


17.8 


32 


BatZroozZno^Tao.esJOs 


1.25 


K 


2.50 


7.66 


18.1 


33 


Ba(Zr o .o6Zno.3iTa0,63)O 3 


1.25 


K 


2.50 


7.69 


18.4 


34 


BafZno^Nbo 07 Tao goJOa 


1.25 


K 


2.50 


7.41 


17.3 


35 


Ba{Zn 0 .3 3 Nbo.i7Tao.5o)Q3 


1.25 


K 


2.50 


7.24 


17.0 | 



** Sinter surface melted. 
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Table 11 . 



Experimental 
Example 


Base Composition (wt%) 


ApTaO q Ingredient 


Density (g/cm 4 ) 


Degree of 
shrinkage {%) 






V/aIiia 

vaiue 
of p 


A 


Proportion 
(mol%) 






! 36 


Baf MOi nTaon>Oa 


m 


m 


0 


723 


2D 7 


37 


BafMa i nTao^Oo 


1.00 


K 


2.50 


753 




38 


BafMa i nTa^n^O^ 


1.00 


K 


5.00 


7.43 


9^ ft 


39 


l -* a v , 'y 1/3 ,n Z/3/^o 


1.25 


K 


5.00 


7 AO 




40 


BatSno^Mgo^Tao^^ 








6.95 


21.0 


41 


Ba(Sno.o5M9oj2Tao.53)03 


1.25 


K 


2.50 


7.49 


24.4 


42 


Ba(Sno.ioMflo^o T ao.5o)03 


1.25 


K 


2.50 


7.49 


22.0 


43 


Ba{Sn 0i15 Mg 0 28 T flo.57P3 


1.25 


K 


2.50 


7.41 


22.4 


44 


B a(Sfyj20 M 9o.27 T ao.53)03 


1.25 


K 


2.50 


7.39 


22.8 


45 


BafSno^Mgo^sTaosoJOa 


1.25 


K 


2.50 


7.39 


22.1 


46 


BaJSno.^Mgo^ao^JOa 


1.25 


K 


1.00 


7.47 


22.7 


47 ; 


83(8^^9028130.57)03 


1.25 


K 


5.00 


7.31 


21.9 


48 


BatSno.^Mgo^aTao^JOg 


1.25 


K 


10.0 


7.19 


22.5 
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Claims 

1. A dielectric material comprising a complex oxide having a perovsWte crystal structure and having a formula 
Ba(Q a YpZ,)05). wherein O is an Oxygen. Q is a metal, Y is a metal and 2 is a metal; 

5 the dielectric material also optionally comprising ApTaOq, wherein A is an element selected from a group consisting 
ofK,UandNa. 

2. The dielectric materia) of claim 1 , wherein 6 equals 3. 

w 3. The dielectric material of claim 2, wherein a sum of a, p and y equals 1 . 

4. The dielectric material of daim 3. wherein Y is a zinc and Z is a tantalum. 

5. The dielectric material of daim 4, wherein a equals 0. 

15 

6. The dielectric material of daim 5, wherein p equals 1/3 and y equals 2/3. 

7. The dielectric material according to one of the claims 1 to 3, wherein Q is an element selected from a group con- 
sisting ot Mg, Ca. Sr, La. B, Al. Ga. Ti. Zr, Hf, V, Nb. Si, Sn, Sb. Mn. Fe, Co, W, and Ni. 

20 

8. The dielectric material according to one of the daims 1 to 3, wherein Q is an element selected from a group con- 
sisting of Mg, Zr, Ga, Ni, Nb, and Sn. 

9. The dielectric material according to one of the daims 1 to 8. wherein an amount of ApTaO q is selected to result in 
25 a concentration of between 0.1 and 20.0 mol% ApTaO q and p is between 0.60 and 2.00. 

10. The dielectric material according to one of the daims 1 to 8. wherein an amount of ApTaO q is selected to result in 
a concentration of between 0.1 and 15.0 mof% ApTaO q and p is between 1 .00 and 2.00. 

so 11. A dielectric resonator, comprising: 

o 

a dielectric resonator element comprising complex oxide having perov&khe crystal structure and having a for- 
mula BafQaYpZ^OJ. wherein 0 is an Oxygen, Q is a metal. Y is a metal and Z is a metal; 

35 the dielectric material also optionally comprising ApTaO q , wherein A is an element selected from a group con- 

sisting of K, U and Na; 

a metal casing endosing the delectric resonator element; and 
40 an insulating holder member attached to the dielectric resonator with a heat-resistive adhesive layer. 

1 2. The dielectric resonator of claim 1 1 , wherein 6 equals 3. 

13. The dielectric resonator of daim 12. wherein a sum erf a, p and y equals 1 . 

45 

1 4. The dielectric resonator of daim 1 3, wherein Y is a zinc and Z is a tantalum 

15. The dielectric resonator of daim 14, wherein a equals 0. 

so 1 6. The dielectric resonator of daim 13, wherein p equals 1/3 and y equals 2/3. 

1 7. The dielectric resonator accorcfing to one of the daims 1 1 to 13. wherein Q is an element selected from a group 
consisting of Mg, Ca, Sr. La. B. Al, Ga, Ti, Zr. Hf. V. Nb, Si, Sn, Sb. Mn. Fe. Co. W. and Ni. 

55 ia The dielectric resonator according to one of the claims 11 to 13. wherein Q is an element selected from a group 
consisting of Mg, Zr, Ga, Ni, Nb, and Sn. 

1 9. The dielectric resonator according to one of th claims 1 1 to 1 8, wherein an amount of ApTaO q is selected to result 
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in a concentration of between 0.1 and 20.0 mol% ApTaO q and p is between 0.60 and 2.00. 

20. 7h dielectric resonator according to one of th ctaims11 to 18. wh rein an amount of ApTaO Q is selected to result 
in a concentration of between 0.1 and 15.0 mol% ApTaQq and p is between 1.00 and 2.00. 

21. A dielectric material comprising a complex oxide having a perovsWte crystal structure, wherein metallic elements 
are selected from a group consisting of Ba, Zn. Ta. and K. 

22. A dielectric material comprising a complex oxide having a perovsWte crystal structure, wherein metallic elements 
are selected from a group consisting of Ba. Zn. Ta. and K; and 

wherein at least either of Zn and the Ta are at least partly replaced by at least one element selected from the group 
consisting of Mg, Ca, Sr, La. B, Al, Ga. Ti. Zr. Hi, V, r\a>. Si. Sn, Sb, Mn. Fe, Co. W. and Ni. 

23. The dielectric material of claim 22, wherein at least either of the Zn and the Ta are at least partly replaced by at 
least one element selected from the group consisting of Mg, Zr, Ga, Ni, Nb. and Sn. 

24. A dielectric material comprising between 80.0 and 99.9 mor% Ba(Zn 1/3 Ta^)03 and between 0.1 and 20.0 mo!% 
KpTaO qi wherein p is between 0.60 and 2.00. 

25. A dielectric material comprising between 85.0 and 99.9% BafZn^Ta^Oa and between 0.1 and 15.0 mol% 
KpTaO q , and p is between 1 .00 and 2.00. 

26. The dielectric material according to one of the claims 24 or 25. wherein at least either of the Zn and the Ta are at 
least partly replaced by at least one element selected from a group consisting of Mg. Ca. Sr La B Al Ga Ti Zr 
Hf. V. Nb. Si. Sn. So, Mn. Fe. Co. W. and Ni. 

27. A method of producing a dielectric material that comprises a complex oxide having a perovskite crystal structure, 
wherein metallic elements of the complex oxide are selected from a group consisting of Ba. Zn. Ta. and K as metal- 
lic elements, the method comprising the steps of: 

mixing a barium compound, a zinc compound, a tantalum oompound and a potassium compound to produce 
a mixture, wherein each of the compounds is either an oxide or a compound changing into an oxide upon heat- 
ing; 

compacting the mixture to produce a compact; 

sintering the compact at a sintering temperature of between 1 ,300 and 1 ,650°C; and 

heat-treating the compact at a temperature lower than the sintering temperature by from 50 to 250°C in an oxi- 
dizing atmosphere for at least 1 2 hours. 

28. A method of producing a dielectric material comprising a complex oxide having a metallic element selected from a 
group consisting of Ba, Zn, Ta, and K and having a perovsWte crystal structure, wherein at least either of the Zn 
and the Ta is at least partly replaced by at least one element selected from the group consisting of Mg, Ca. Sr La 
B, Al, Ga, Tt, Zr. Hf, V, Nb, Si, Sn, Sb, Mn, Fe, Co, W, and Ni. the method comprising the steps of : 

mixing a barium compound, a zinc compound, a tantalum oompound, a potassium compound and a compound 
of the at least one element which each is either an oxide or a compound changing into an oxide upon heating 
to create a mixture; 

compacting the mixture to form a compact; 

sintering the compact at a sintering temperature of between 1 ,300 and 1650°C; and 

heat-treating the compact at a temperature lower than the sintering temperature by from 50 to 250°C in an oxi- 
dizing atmosphere for at least 1 2 hours. 

29. The method of daim 28, wherein the at least one element is selected from the group consisting of Mg, Zr, Ga. Ni, 
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Nb, and Sn. 

3a The method of daim 28 r 29, wherein the sintering is conducted at a temperature of between 1,400 and 1,600'C. 

31. The method accordng to one of the claims 28 to 30, wherein the heat treatment is conducted at a temperature 
lower than the sintering ternperature by from80tp150°C. 

32. The method according to one of the claims 28 to 31 , wherein air is used as the oxidizing atmosphere. 
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